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(57) Abstract: 

PURPOSE: A floating 3-D metal device on a semiconductor substrate, 
a circuit of the same, and a method for fabricating the same are 
provided to improve capacity of a semiconductor device by reducing a 
loss of a signal. 

CONSTITUTION: A substrateO 1 ) is prepared. A 3-D sacrificial mold is 
formed on the substrate. The 3-D mold has the first space extended 
from a bottom metal layer(13) of the 3-D sacrificial mold to an upper 
portion and the second space separated from the bottom metal layer 
(13) of the 3-D sacrificial mold. The first space and the second space 

are filled by the third metal layer(21). The 3-D sacrificial mold is j _ 

removed. The third metal layer(21) of a spiral shape is supported by the first support plates(22). A 3-D spiral inductorO 04) 
is fabricated by installing a bottom ground metal layer(29) on a lower portion. 
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(54) »Sa 31g SHU ^01 m Si^ 3^ USEI!, gg a 383."^ 

B ej-Eiii a^oii 7ieni- oi'^goj ^goii ^oi id sib '3^ ±Ah n as s n 

*U£ ^CHI g 1^3 Oil [^9, ^fflir °jqE1, *3IM3|E °]qE1, ittlir ■ MB!±5E0I, £ 

.MinOlE ea^SD!, DfOIHS 0|E1, 2££! 'SB- SOI g*s*£S SSOIS .^1^1 .S'iBSt! 

•S»S a^l^^Pr fiJ-EM 7IS2I 7i5B- OI^EICH ^2 DH3IH5DIH2I £01^ IHAi 3x[ 

&™2.g. ^£^ =?z?i aissQ; .oia- -boi ^xi-goi 7is££*h iei oi^eidt as.-?2» '^ras 

SAN .7|&£S2| Aj2 .jfe'flff Sl?|5|£3. -gCN .-4s»2| ^si «f£A|?|H,. "7|&»"^HH SUg 71- 
feM fttDL -fcHSI o^QU S*kS|32| **gg ?hS5HI.«|0| -S|S2| S^IEl »ML ECf, s E£h 3M3 
ift2J ^JJjl 10:DroiaSD|Et;0|^2l ^Bl E~ 3£S figStOTQIWH ^ 5)1 "JTOjIK. 
^ aiTttSlg »ES thCK B ggg E£h, ^Exil 3393 •3l«Sfe'»3EW 4^1 

.'H-Esi ?is sim aqi B.iafe-3»a s^w 0101 a*® ason as* stm 

SSSAI S3 aS2| a*EI4 -«*|£S a'Sftt * ^ H2Sffi« flIStKIl-. B 

EtJ", 7IH2| «glt ^5»KH fi SSOil IQ-.g 3tf9 °RE1MtHI7fl SIS** AH££ &tfl. 2J3E1 Si3g 

'3«s, :3^**h oi^, ei^.Ei/M2H^5Di. aroiHsnia, u^me ...... 



E IS 71^21 2^ °I^E1^| ArAiE; 

e 2^ e i2i s^ .ei^Ei aae-.iAitfc sse;. 

E "3S -fi ^SOil [D-e 3^ 345 SE (3»S ^Kl^ giC(E1 21 AhAlE;. 

E 4^ S SS.Ofl [CfE 37tg ^K|^ °]^E12J AFAIEj 

E5zH g^Ofl [CfE SA|#g 7FA|^. 3^.^11" Aj-AIE; 

E 6S a «^(H| COB AB^S 3^ °'^E1 S^g SAItt t|SE; 
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e ?s g g»o)i (ob nea sxim 7w= 3*is ±eii- qj^ei; 

E8§g gSWl [OB 3*m tia ME (gEllkOlE ojejEI 21 AWE; 

E.9fc-e HSM [&g gaikOlE 2Je<E1SJ AWE; 

e iok. um e io/= s trsou Da'asg ^'*-efta9}-m!toiE-"aGtEi&i as siae 

.E 109 LUKE 10j= B HISM Ota- J3I2S 3#S 2!"3E1£h gaikOlE eWHS| E OB 

warn wstm miEs-jmz: 

E 11^ B HSOil ffIB SSDil lH2i= 3*^ gailtOlE 2!6JE1£) AIAIE; 
E \2£.B BS01I [0B SAISM SfOil H 2l=. 3jS|S Sa^OfE 2!qE1°| AWE; 

E 13S'B USOil COg lies 2 All SSOi! ID 3^ -^31 itOIH- 'Sj^EI 2) AfAlE; 

E 14='S. ttStHI U}£..$*« 3*1S ^Ilg- gjqgsi AMIE; 
.E I5& B 813 (Hj tOg SSOil [L1 31= 3?*S gSIEOlE gsH^EOiSI AfAlE; 
E !6i B SSM Re '3501 IQ 21= 3»S i^E'lt M?H>tSCHSJ AWE; 
E 17g B fltSOl COM E|E<3# 7ffl= 3»S ^IEIS- S!G«E|2| A1AIE; 

E IBS.-B VS Oil [OB 3*ISI DI0I3S DIE1SJ A1AIE;. 

E 19 LHXI E 29= B $301 COB DStt 7£2| 3*jg S£d°| /gJH SOj?= AUIEM; 

E 30- .B ItSCHI COB gflliOlE SEH°I 2Al£!g 3#3 35&2| AfAlE; 5! 

E 31S B BIS 01 [OB gEIIMDIE *!EH°1 SAI2# ?W= 3*hS ^KIIT 2J^E1°J AIAIEOIQ-. 

* E32I ^fl ^BOII CHt> ^S2| * 
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113 :. ssm to a= ±mw Mej^soi 

114 : g^Oil [Il Slr EIEa§ 7tfl^ 3»S ^KIS* 2!^|E1 

115 : -wo! ta 2J^ EiE<si 7ws ±mir ei^Ei 

116 : 3»a DK3|H^ DIE1 

117 - 127 : QSttJttfllSI 3*r§! a^a 

128 : gMM]|E ^EH2| 2*121 7tf! = 3*8.3*3 

129 : gcilkOlE §EH^ SKiat ^73= 3*tSt ±mir SJ^Ei 



2tg °1 

g & hgo g^ji ojQii -a&3na ^ n tis, si n bis 'eraiiM St*- ass'Ai; 

7xi^£gc ±\L\W 2J^Ei(spiral inductor), gaiiOIE. 2J^1E1 (solenoid inductor); '^Dt'IBiS 
Di (transformer). #fll!xOIE M2H±5Di, DrOI3£ DIEl(micro mirror), transmission line) ^ 

a- soi s^£S-°mota db*j- ^a^a§ s irea© a?i^»7K»£a 7i5°j fe^ofl 

Hh OI^EICH DrOI3SOIE12| SOI/OiaOl 30;OrOI3£D|Ei OlgSj '£013 SSOfltLiAl *jgg >5 

i Sfe 3*i-a ^ ±xk n sa gy n his sawi atf 201 a. e irss E*h 7i£2j.^Exii 2 

5jS|g 7ls£= 7c||^ * SI2h '^Efl 715 *|0fl..£O| [Lj Sfe 3SS'g^'i 3J5 

or2A|E'7|£2| tfSCi SSJSS 7iaHh 2*!EI = DrQI3g Di'Aiy (mlc'romachlnihg, SEfe.-WMS). :«= 
^W! StraOID. £ SSS Eth 7I5°| qgat °^rll. £ B3M CDS .3»S 21^1 El gOil Til Sitftt 

Aiss;3na ewe aioii aw ^oiqk 

§3^1 SJ-ESI 23113 7lfeS 1964S HOI. (Hl±, Hb|(J. S. k'llbyjojpi flOIS DI^S^ loi HI 
3;138,743£3¥E1 SBohSCh '743 mo\^ S32J B>E» 715 £1 (HI ^S -iXK Passive device)! Stf 
Sr= a?l±»B 2^3rfe 7|## 7HAISKQ SO. '743 CHI [&33, '^.a^HfcJW 3l32 r '»* 

5 S3, ~ eSfl. 71521 JES SNW S^lorH SiHHS, CKW S(chip)2| 37I7K&S «Sh- OrUEK 
7l5(substrate)2r'S«H2 2J7I UH^CHI WiWr= 7l52r2| 7i£§ S:ir(parasit ic ef f ects)3 ' 2!*B "4* 

a7i^»2i s^oi gxi as eaoi sick oi2 r as.- eras -a 5 □ gfi^oi s§ cuoH^ 7m 

H?Er S.S!tl£(RF IC) S iH4m aaiSIS(MMIC)Dfl EIII EW S^rEK 3EHAI *j 

n=;a .a*M (off-chip) a^i^xn trasioi -M^tyn ao.-ioia-as a^s a 

7|ifcXrS..a7I^ S^S »73a OIS °JoH Al^gj^l H7|7h ?1A|I1 AI^H ERtl UISOI §7hth 

d= .sa« 01 aw 7hxm so/' 

^XH2J fflE-a S^tlS 7ISSE 2?{Sf7| iOiaS, .iS SM 015^2! SI^EiOIEK sefsjei^n? 
Erg ■ sISOflAI fi^tfe £iqe^(inductance)^g ^71. ?!^H X1l^£fc SSj °]^Ei2J 37|^. QH' 
37| ^(active electric devlce)U'^S a7i^AKHI HI^H 1^ 371 [IH^Qil 7l52i S^OI XrAIti" 

heih, 2^ aw'H^.^isai- mch : si7i nsoo-'wawhfe-a&jttsi 71a air2k §ehsj ssjsis 
^ii^oi bh a^ tw^-amfc" ssoi aaa/a ?m~-&m s ^li ej^Eisi ^,5.00 

7 r S- ^atl (^factor) Sfi *tOmW o[H O S2| £|CHfl7 r ?Er*(peak-0 f requenc 

y)M ferow?! t!CK 

Etf, ?aSd§ ^H^aF iiS ^71l(HI §4fi±2l °I^Ei 21CHI CPU *TIe|M2, 7IS2|.gw oiqE1^ 

7i5?i str^s^Ei xhssa a7i obsdh ^st»- £i^Ei ait: Ats*joi'or*ra'""3Lftits 71521 

^^CHI COEh B&Xfe € §^5rXI .gSOICh OIM E 1# «»1 .tffflSa, E 1^ ^1. El, S(C. P; 
Yue) 101 'IEEE Transactions on Electron Devices, vol. 47, pp. 560-568, March 2CD0! ^=7^1011 *I 

6 "Physical Modeling of Spiral Inductors on Si I icoh'Olgr r-fe'SOB THAIS gEH^i 2^s|S7l 
«S-a£Sr.jP|gS| 2=si e!«E1(101)2| AI-AIEOIQ. E '1i :t^' AlEI?(S'l) 715(1) m\ SS# 
(2)01 2iH,H 4^011 £Eltr °iqy(5)7F StCK.^niB ei^!E12| LH^ E^s H|0K4)SF oF^ EIE a 
(lead wire)(3)M 91 BtK 

E 2fe"£.i£| 2^ ei^EI S^(102)e SEAISt il^EOILh. E 11F VII E 21 ^or^, ^Ell" °iq 

ei(5)°j mm *\w ntxmw 2i*m±u) atsoi an, ^mar,acjEK5)2r or^oii eie 

a(3)^KHI ^XI(fringe) ?HHIAIS^(Cf )'7f 4S7ICM, ^ffll". £1^(5)2^ m¥0fl 2i^ : ^EI5 715(1)21" 
S3 ZKH1= 3a*'(2)0l 2|tKcbx ?HlA|@^7h SJ^CM/^EIE 715 tH^OII^ 715 : 79tt(/fs\)W 715' 
?HlA|@^(Csi)7r SQ. 01 ^^101 E 22J ^EH^ 7|£ 2^ °I^E1 El (102)1 

tO. Oil § HE 7i5 715 ?HIHA|E!iiC*i)7K 71521 ^1, IB S SA|^(ground 

plane)2| S5M-2|*|' &EW7I BSM' 71531- ^B«S Sl*-g7feSffll SEr. 

&MJ)m 2^ ^El^ °I^Ei2J t»^A|?|^ g-S^S °iqEi S|-«2| 7I5# ^R^rOI .7|51h2J 71 

?hshai@^i eofe ea(Di^s^ m*\ m 5,539,2412, m 5,773,8702, a ;*«i.5;'844, 2992)01 «i 

.e!S'Hr-2iSE|l, 0IE14I Sg|s °jqEi §W2| 7151 ^1^1-71 UflgOil 2!^E1 o r ¥OII SlSB 
=^rDi, 7I5# ^l^tr^ ^SOI 2^t|S ^Sll- 2^E|7| OlSil, 1=?| XI (package) CHI SS 

•a 4= aD. 
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E Qi »g2SA|, °"e|E12r.7l5 AKJIOH MEI0|0IE(polyimlde)2l- ii 3S. - I3li SOI 71521- 
21 JH1HIAI@±(£ 121 E 221 Cbx)M 101= »B(PlttS3 §§1 SI 5,478,7732 9! M 5,805,0432)01 

uk-si&a,..gqH7titt4£r-aai.\flaM.9«n ?xi &7i : $ioBAi= £e qwihsdiei 01421 

51)01 ?£=.1=#0| I'SIT 22:3 01I4EI3, §2§2| S5 44(dielectrlc coef f Iclent). 2jAI 0H° 
SOKttWM. ^481= S§2J £E §01 S^M 0101 23 tlSOfl Stff ?CHA|- & 

scfe asroi hp. 

a as ttttssAi, geotoiE seh°i eiqEis a£«i em 33s- §7iai?i3 : <ms £g 
i *oi= as»n(Di*i«3j ^cH «i 6,008,1022)01 ae® hi 2i=ai, oi aasras ssajBM ■ - 

E21 Eg S^t.t!48r=. ZfSw. M H fi.^°S 4t»810l a*ft, 3#£3..Sj§, gaiOlE .°iqE1 
1 a£Sl= 20IQ. 01 SBg 0IS3£3= X| E3U «!93 S IfSSMOl ggl ^tS5« B 

§21- saas siei trTii aso. 3 §. 01 nsgraoi 7 is 7i§ ? sass 4*21 5 

S2II7;|4:3 MEM «««!=• 21S01IAI .5^°| S3 a73±M 1E2| *EH71 SIT 4= .210= gOICl. 012 
S 3331734:321 SS> c OI SOU 2I5B S^tPI £171 .UHS0I01 01= B 7IS0I *H§S1= SSXlElS 'OH 
4= SiQK ttlElAI 01 ft£ M5«!rO|E SJejEIM 4=13 a94 21711 a 381= 201 3 

71^8101 p8l 20 0K)|.3Sni.Ei 0|«2| 30) S017Wc gflliOlE 2J6jE1= aSftMOIgQ. 

OI401IAI 23tt °!S!E1 S?5 OlLIEl £15011 .&ESI 715 4*0)1 SS!4:5Dj; 0KJI33 013, S!. 2#fi21 

as oaro ?2i4J§ a nid© s?i±k» 23ti§ia= aie7i ?H»ja*m sip. nau/oi 

sOI 715 4011 3S »*|313, 3£ 715 ££21 ?4=tJ- G^IEIM £17)1 8171 9|*T ^521 71521 

5StJ- US SI S OHSt? SI5 s^oi a= gSOICh 



47121 S2H2| gaSl SlS8PI?l£r S BT3.2I 7IM3 2ia=, £WW ei^EI, SEIIkOlE °!q 
E),' ^lEia- M?H^5D), MMiOlE 3S!4:SD); 010133 DIE), §21. SOI g^£g BgOiS Q 

.stj- ^dM<ye s ssd© 4§ 27iifc»i§ e^Efli ?i e ^o)i sss 3^, ^is-hssj ^2 

S!7|5jES gCH ±X12| gsl t, p ^A|?|3, 7IS2J- ^s^m iXl Egg 71s?)l oldl, ±X[?i 5^0)1 2 
51 'SIS2I «SM .*HM fflS2|. 23EM 371 £01711 Sr= 3»£J £*k 9S V W9B' a.SSfe 

aoia. 

H IT82| LIB ?\m 21591=, M013 3?:1S S^" iXHHI *S 4= Si S'/aStfJIl as 4= 

fi s ^2| E QS 217|=, OIDI a^S! SSjSISOII 2^: Stfi ^73 SESA1 2^51^21 4^ 

CHI S^S 5^= 3t:HJ iXIMs EMEI^(mbnol ithic) g>^2.£ 4= Sl= D10I3S D| 

Aiy a 5 gfg§ as»r= 201 a. 

S BTS'21 E □€ 7|g5j 2ffi|=, &W S^J iAl Xlli SEM 6|gS10l, -^Elir 2!C|Et, .#31 

kOlE °ie!El, illl" M^iSOl, MfllitOlE MS! 4:501, 010I3S U\&. §21 g^Jli 

2i eis*!- ^ds<y§ a ns<y© 4=s s^iiwgi ase r = sola. 

E*}, B WS21 E LIB 71 S3 2^1^, 7IB2j ^ShslH B ifSOII COS 3*12! 2!^EiM(Hl'?il 3 

tttf AHSS 3^ 2J3E1 S^S fllSSfe 20IQ. 



b Was g£t± uei a-s z\ti s^sai, b ^soii m-B feEiii 7i&.-*ioi ^oi m 

2i=. 3*!§J ±E\W 2JS!E1=, 4:1113' E^S 5S01I I£) 21= a 3 S^#2K ^71 4rEI3 Sg2| XII 3 
LH^ §21 21^ g2S^E| <;S|2S ,S1^2J bl^T E= 4 h 7l 7IS2J fe^OII 2i= 

23HS2I- giao) gj\ ^EIM SS2| 9 3 S^SS XIXloB ?= ^ 7H2| ».1 XWCH( support) 21, 
^71 M 1 AIAICH2I 81^011 Si= ^71 715, 4171 71521 471 7IS°I .4^011 21= .471 ' dl^T 3^S, 4 
71 71521 471 71521 4^011 2i= 23SIS, ES 471 71521 471 7I52| 4^011 21= 23alS21 4.- 
71 233321 4¥0« 2i= 471 dh^t g^S S 01 h. SlLlg 5*>*tl. 

E*l, B WSCHI COS MflliOlE °jqEfe, ^[H S2f£S 550i H 24= 7H 0I42J 471 a 3 
S21, 471 7H7H2I sjtH ES°| a 3 ^^=2) <gSt M°S^E1 ^25 Sl^Ofl 5>CH SS=g 813 21= 
Ai£ °ig*H = 7H2| Hl=r.=^S£l A1S E1B. ^ M2L 3gEI01 471 5fCH S^2| a 3-.S^Sfi XI XI8H. 
^ ZfZf = jH2J 471 a 1 XJXILHai, 471 a 1 A|X![H2|- 81¥(HIAI S|CH ESS 813 21= 7H 014 
21 471 Bl^r g^s21, 471 BR ^^©2| 8^011 21= 471 715 E= 471 71521 471 7I52J 4¥ 
OH 21=..23tlS S 0[± *1U§ SstpO. 

k*i, b ^soii coB efEa 7i5 sibii sol m 21= 3^ MaiirOiE e!^Ei=, shj s?ss 5 sou 
na 21= 7H 01421 a 4 s^sm. 471 7H7K2I sich agfsi a . 4 ^ eae^Ei 4=3hs 
■jngM.arar.Hsas ssoii m 21= ais ejs^ ^.7H2i .471 a. 3 a^.#2i ais qs ^\n2i ss 
art 471 9kh s?f2j a 4 m'^rn m\m ^= *w 7H2i a 2 xi tcichek; '471 a 2 aotlh2| 8i 

^(HIAI 51-CH asm 813 21= 7H OI42J 471 a 3 S^S21, 471 eiCH E?>>21 a 4 471 

n.2>nn.. a 47i am asei a 3 i^#£s oi^ois sgon as 21= ^aikoiE ei^Eisi sm 

MHS¥E1 4^3ES 81^2) 471 715, 471 IR g^l E=.47l 71521 4¥(HI 21= 23SIS21 = 
MHCH 471 5S(HI IH 21= M£llb:OIE . °!6|E1g XIAItll ?= ^ 7H2| 471 a 1 AIAICH'21, 471 a 1 
XIAICH2I 81^011 21= 471 715, 471 71521 471 71 521 '4¥0J 21= 47|. UR =^s, 471 71521 
471 71521 4¥(HI 21= 2 3 SIS, E= 471 71521 471 7I52| 4^M 21= 233321 471 23SI 
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*£2| #¥0(| aS #71 U^r S^S § CHh SHJV'SUtiO. 

E*L B V9H ttrB BE» 715 9\M £01 IH as 3*m gaiiOlE i?H^5[H^, ^l^ SSCHI IB 

as 3»a ^aikoiE °j&jei2i §, #71 a 4 g^s, #71 a 2 kixich, #71 si 3g^§, 

a #71 a 1 XIXICH^ DI^OiAIS #71 £§0il Lt|- 2i= «E|kO|'E "SHEIS! 3'fl(turn)M ».7|- 
ET££ SaSrXI .SHI im 3d 21- 2^ 32, 5 7rR£S BEWKM 1*NH2] ±§2|. 

Eth B ^SOil ECrB .-ffl£a.7IS SIM £01 ILi aS 3*^4 £EllTMS*iaOiS, ±\L\W EgfES *SS 
•Oil [Li aS #71 a 4 #71 ±nm.£S2|.a 4* S^#2J gf* gE£¥E1 43ES # 

71 a i aiaichsi- aiEioi #71 ±mm s??es ggoii n as -a 4 s^si ?^ ^ ?H2]. # 
71 a 2 aw oiah #71 -iinir -asaa bsh ih as a: 4 -g.^esi m^ow ±mw asss. ss 

OH !H.a= #71 a 3 S^S2K 'fiM.-ilMPHSSS SSM.IQ.Sl&-.a.3-3^#2| ;gF^ »£3*Ei 
£S|Eg -*^2| #71 715, #71 Bh^T ^§ 5- ^1 713*1 #^011 aS* 23£|£2 r SlEIQr #71 

.^niat sSfes s^chi un as a 3 s<**ti- aiaish ^s 5 ?H°i #7i a i t^ixichek #71 £ ^hej 
a 2 xikichsi sws^ei ^ e^ * r ^2j #71 uh^r s^s: as #7i 71524 #¥(hi as 

3S«I32F 9 : 9SI0i #71 ^ 7H2] a 2 XIXICHS AI7OT ?S ;g 7HEI #71 a 1 *WQI2h...S?l a 1 
AIAICH2] oM^Oil aS #71 715, #71 7l52r #71 ^l&ej #^Oil aS #71 d r Ef #71 71521- 

#71 -71521 #^011 o,^ gs}£|£, ES #71 71521- #71 7152] #¥0]| aS a*lfflS2r #71 2^51 

sei -^oii a- #7i uh^r s^m cHh *h-» aat>a. 

Et^ ; B'sran a>s ersa 7ie ?iqii ^01 ih ias -3»s sswi tcf ^s #71 a 3 

ES ^?^^! #71 £gOil [£i ^ ME^^EI ^ES #71 715, #71 

s^s .Es #7i.7i5.ej Ah ¥ Q|| a&.a^iassi- aitioi #?i ^^oii B-:fi&-a*£a nxm 

5 7HEJ #71 a 1 XIXICHEK #7 1 a 1 73XICHEJ u^Oil SS #71715, #71 71521- #71 715-2] 
#¥(HI as #71 .bier g^#, #71 71521- #71 7I52J #^CHl aS SSJSIS, ES #71 7I52K #71 
7152] #^CHI as gaifflSa- #71 SS{2|S2| #.^0il as ,#7| S^e S Oi^ ol-LFs 

SEfe; B/ttSM CCfe ShEfl 715 «M £01 IH as 3^£4 D|0|3g. OlEiS, S^Qil IH as DIE1 
52K #71 Sm\ IH as ^ 0IE15H] igEJ S^ES^EI ^2jEg. u^^J #71 715, - #71 

es #7i 7152] #^chi as. jasisisa- <2ms\o\ #7i gswi w as .maaw xiwh 

?S th?H 0I#2J. #71 a 1 73 XI DISK #71 a 1. XIXICH2I o^tHi: as #7! 715, #71 7l52h#7l 
7152] #^0il as #7I-7I52K #7I 7I52J. #^(HI as S^SIS, ES #71 7152K# 

71 7152] #^Qil aS 2SJf|g2h#7j 2^t|g2J #^0fl. aS #71 UR;g^# .S Olii" *HJ» # ."»7I 
^eCHI IH aS DIE152] t^WI aS #71715 ES #7| 7I52J #^0fl aS 2^t|S g Oihi 

pnj?i #¥M ^§2]. s^m ohn as §> pi#2] ststi-a, 

Eth B SSM [CFB BSM 715 SIM £01 IH as 3*F£J SJ^EKHI dith-^SS 3*IS ffl^ E\ fiji'S-, 
■«!■ ^01 a 1 5M£K ^ ^Ol SXia a 2 5Mah, #71 a'1 5M2] gXIEIXI STB .^21: #71 

a 2 5§2| SXIEIXI SI'S ^ AKJIOil 33S -»tKfl)» S^il^U) #B2h #71 a . 1 5EB] 

axiaxi^g ^2h #7i a 2 5^2] sxieixi ^ AFoiw.gaa ^ixi ?HBAi@^(rt) #^2k 
#71 a "1 5M2] ass-wasan &s:^2}oi .aaa ^ jhshais^ #^2f, #71 a 2:sms| :S 

AIS ^21- aXIEIXI.'SS.^ZHHI S^^l #71 Cfe^HlAIS^ .SBES -^.SSCK 

Etl", B 1T22J g ^AlOtlCHI [|>B ^EXII 715 £1 Oil £01 IH aS 3*FS ^ ^2] a3E&aS: (a) 
715s OhSol-S (b) #71 715 #011 3*tS".:S|« MEM ^#oFE|, #71 3^ :#E2] H^Dil 

ai #^g. a i szmf oioii aasiDi #7i u^ME2j u^2h oi^eioi as a -2 szj-e 

^ h S ^§2] 3^ *j#E£ ^#5hS Q-711; (c) #71 a .1 SI- a . 2 5311 3 ^#E^.xH^S 5 

'Til; a (d) #7i 3xm mem aTiu^s btiim ^t^^s as. ms^s tto. 

£Ett B ^S2] QFE ttAIQIOi ICS "I-ESI.7I5 «M £01 10 as 3?S g^:^ a^B^: (a ) 
7I5S O^ei-S 5711; (b) #71 7l5.#0il 3*m tl«S. MEM Sgm&L #71 3^4 t]^ H ME2] Hl-^Oil 

ai #^s gg-s a i s^ii- oioii saan #71 s^i-s t]^ME2] b^2i- oi^eioi as a 2 szi-e 
^ k s ±§2] 3x^j ^#es s#ms ectu (c) #7i a t ai a 2 gai a 3 g^sEs a^s.B 

TjJj. (d) #71 .3^ MS ME2I- #71 a 3 : ^^H§2] #^0i| DI*l:tf7L(by EMB'-B 2!. □ 4«»Jl, 
a 4 g^#ES ai^S 5711; (e) #71 ti^MEM BTBte B7IIM StfthS 3M ^SES • fi>., 



Oj^r, g¥B-E3S S^tfOl. B,tfS0il bmf3]tH SAIBliS ^SoH3 QM2F ^Ch . • 

E 3^ B ^SOU [Cl-B 37:^ il^ 1E(15)2| A(-AI E0IQ. 715(11)- SEI5(Si)0IU ^EI=73Dte 
(SIQe), a>0MU0IE(eaA8)2F STB. .BK«0|7IU ^^DILKaluiiiina),. SBL g (quartz),. 71 Eh M El- 
±m e CHS 30IEFE mO. Sx-M ^§2] SE7K^ 120EM ^A! ^71 UKSOtl. OIOII 3CIS 715-012 

aeroraa. Et>, a-aa 71521 s^oii 7i5(ii)s isoii 2^ ass lhsb ^ 4= an, 71521 

Oil S^il^7F ai UrEf '^#(13) ES a I S2]-(1?)2] §r¥ § £§2J g^g "'ffl-Sa- 7152] 
S^tl^Sh E 12J U|0K4)2 r ^ ££M OlSSKfl ,H 7I?JES. aaBO.;S 3Qfl Cte^, a.-l'SZ-KI 
7)^ 3^ ^J45 ME(15)S] HRE^^EI ^§2] £0|S 37^ f|£S ME2J LH^Oil ^#E» ^0| SI'SZJ- 
012, n £0IS 3^4 tl^S ME 2| £01 ^EDI, a 2-SZTS'a i S^2| £0|^VE1 3^ t]^ 
ME2] SSJhAI 3^ US ME2| LH^CHI. ^0| «! ^0|Dl,.#7| ; a I SiHf #71 a 2 

s A1S #§rS :*BS Slit!" t!" 501 0I#' &EAI ?>SQ. 01 WS* il* SE(15)S -'aSEiW^M 
(Photoresist), SEI0IDIE<polyimide)2K ^= HI aShS MEICH (polymer : ) J .aa,:'-aa" REI 

.(photosensitive glass) U ^5 S MEH^(spln on glass)2h ^ SEl 71IS, ES g Bi"! BERifl: ^ 1 
9S0I an ^ OmiHS .^)M2| 2§0| SOntQI-^Ol PBI-.fl^aifiS a717KSO|^MSOI3 01 
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S. USW flBV. * 3711 JMI'fl £AF eW 6? OHJH- MOW ?r§2r ITS He.^3 Atg 
?fe3IO. 01 E3(electrbplating) ^2] »H£S Bl 3 '3^@(2l)£3 xH°H 3»STilig 1 

E(15)l a7l*ra> E 4SU SOI ^IIB- SiSra 731 3 34«'(2t)OI ? W2|'J|-1 JIWCH(22J(HI 2JSH 73X1 
S xH 461 ■ DK3I3SDIE12J *OI(A)S OR SI 01 §§011 IH-2lfe-3»a ^KIIT. S!flH(103)^ BI2SD. 
ailS, Bl 1 XIXI 01(22)^ 315(11) 53011 2A= SSjf|S2KE 12) H|0|-(4)2|- ^~ 'fiili 1*1 .US 
S§1 S^Oil^ E 401 EAI£! B r Ef 3^§(13)£ SfiSW SfCh 

0|»7II 7I5£5^E1 7|£2] • ?«S» 4 2t£..feO|S fll'Bt*££*-3 

§ «aw ^ sitii sm; otaa 7iBQi)ss2i.fiai &aB:££&&cK s»; ?i£2j ersa -ss°s 
^ea ei^Ei ^aim ^goi-= 3^2^ ?hct aa 4 oi-oihsoiei seks .21011 . s.ss 

01IA1- 3*m 3^ £AH 0|^~ 34<» -S^IXItlOl OH? .^S 73 33F HS'Stil, Q 

bo\ n .^mm lo-.nwiasoia oi^as t\o\ ztsr^m ■■■Jwak-3 as toifi ^mst ttf. a-as 

B ITSTMOI ^tSl^aiHI 2|*F3 ^01 ^ 20" 0K3I3SDIEM 15 DhOlH^aiEiej =?Z\Z S 

3^2011 §1 4 2^ ^§ 180mA §E SHDI Olfe 7)X| AO! (macro world)WIA| 7EJ£ g E£j 

Oil §1 4 Slfe 3.RBE2J 100HHCHI *ISft}& 4S0ICF. Hffl STS' E< 400 EAI& ^ 

^si- 3^321 =ure mm. ^ o-mmt b as .-twi 3w= s^2i 3^g setEig- 715 
gsio, Ahg aoi 31221 33 ffl£2f'aqi gaiir-* smi 9^ apja. 

E 5= E401I EAI& 3»S £IEIir 3£|EK103)2| 5^ CHI S73 -3^#(29)# tf»«KM JBW. .a 
.ASS 7I*|£ 3»S ±mM 33EI(1Q4)2| EAIoKS 2JQ. SAI 3^#(29)£ H|» 3^# 

(13) 21- SfS % HS 3711011/4 fll^SQ. .OI^Til SS01I SOI tLL2i£ 3CjE|2| $^011 SA|## 9 r X|^ 

5f n^£s^ aejEioiiAi m&tt Qwrnm t^s\ ?\&2.£ soi?fe "as wewkh s-'ea.-sroi 

abss 3»s. ej^Ei 38(105)* afss- * sito tich. e bsj ahs^ °!^ei 
e E,22L7i£2j 2» aqEi.aaiJiF uiiasha, e?7Ei ^mir 21^21 g^as »i 3s^#(2i) waiou 

S|l ^(«2K3q^(Z) ^^01 22f ^Hl^ 2i^Ei2J 731 3 3^4(21 )2h tHW '51 

= 2^ 2LKHI" =S!73 ?HHBAI§!^(^f )^ ^71^ HO. *U 1-SM(43)2h SI 2 : 5M(45)2| 2* 

?i SAIS ^Hl- SAIEIXI 4 Aj-OIOil 21£|^ SSSOil CHtT fflMAie^a Ojx CHd. §PIM. 0H^£ . 

?HfliiAie^3 ^ 51- mmm m^t a^i ;3^s(29)oi sxntrss 3«iAi:&i si-^si oraTisv. 

fi- ^ SID. QAI stH ; E- 52J 3§K3I 5ISM HHafet" 3^E1 7J»2J ME|SJ3 '*|^0|| HI^H/dSf 

2^ K^FOflEI (parameter)^ 1SEI- S^tJ- §£13 2301 7te$H 73= : 310|EK .Etf; a»S-*fl"ah 
OIH^OIEiU El^ ^01 .AKDI2J ?HIHAIS^0|^| ttH^tHl ^ DK)l3Sd|E|2i '^OL'XHUM BMtYB Cox (HI 
HI^H 10 iJH 01^ ^ ^t ^Ch 01 SJ^Ei Afg ^IE^ S^S 3711' £01= "W;- 

Eth, E 7£ EH@S Hl-^ SAI 3^#(30)m 7W= 3»S ^El^ 3&!E1(106)2J EAIoHl 2iQ. 

OlSTil §fe 01^ SPlEfOIAI 482 3 70-^1 SOI Uh^T SAf 3^#(29) LH CHI (HIP 2S(eddy current )g 
3^IEi21 AlUrAI^I- ?l#0|EK 2A| 3^#M B^2T^O| .Ofc! ^S2| JBS 

^^^^ SA| 3^# LH 01! ^5^.4^ SS2J, £Sfi.'3l?0 SOi^^ t^K 

E 8g ^aiiOlE 3?IE1(107)2J * H2H Al^EI^ 3»S §E(15)2J A^AIEOIQ. E 32f D«7W 
S 3tm SE(15m M 1 3ZK17)2KST2 SZK19)§ 3x^j «^fi * *m KCh 01 ^ 
E3 (electroplating) ^2J g>S£§ fl| 3 3^*(21)HS M^H 3'»S il4S- ME(15)1 E -9 

.2F e0| ^ai!rOIE2J 3CH(core)2J £0|7h ^d. DWraSDIEiS -^clIkOIE. 3^E1(107)7r^SCh 01 
§1711 7|^2J SS{f|S 7li£^ " &■£ SOIS 50iM ^^^^4 ?|S-£S2| iJs ^fiM 5| 

^Suril 3^@^M SQiSFtr 4^ 24= §§0| 2iQ. 

QM^S. E -lOa^E-1 E 10fJJhA|- E 42K E 9011 EAIS B ^"SOil IttE 3»S .^El&. 3Gj El (103)21- 
^SlIkOlE 3qE1(107)2J *|12 as 21 ^ MMOWW ^t[?\ B3 " 'TH^FEOID. SilS 3Wg 
W 3GjE1(103)2h «aiMI|E 3qE1(107)2| X1I5 HrSOl SSuRI HHSOil E 301) EAIS 33 A2f E .8 
.011 EAIS 33 BM E 10a¥E1 E 1 0f 3JW0H BO| UEp^Q. 

^2, E lOaM SS310I 4 h 3S3, S^sl^M i= LHS*OT-Sfe- 7IS'(n);«00 E30li H 

flfth 'Bl 1 3^«(12)B -*at^D. 71EKHI CHti" U[9.[ iCK Bl 1 i 3^S(12)& 3^0IH 

7l£H r 2j.S^OI mmom CH¥M. .A»«r ^ ^HDI B^AlOjKHlAl- Bl M 3^#(12)^S EI-OIEr 
h(Ti) 3M(Cr)M 0,02 QmiHSDIEl ^OTS, ^El(Cu) E=:3(ACi)S .0.2 D|0|3SD|Ei2| =3BS 

■£»af-ss.a3«--nin as ^ehoiiai -s^rhDi AfsejQi.oi* «sv -ssg^i ^ : .br=f 3.^# 

IF M 2 3^#^E1 M 4 3^#JhA|= X1I 1 3^#2j ^ ei » 0 , ^joj go a c- i ^ 

#2| fe^ MH0| 33 2^ S= --3^S ^SU^ 013 WitJQ: OICHA1, gfiS ^| 1 3^#(12)2| 
a^chi Hj-Ej- 3^#(13)M ^a^3 A^l^2(photol ithographyJUl- E3 SSlCK Uh^T 3^ 

#(13)s ^^CH| H^SXI 3^S(29)e^E-Ar§S' 4 SACK'S flAIMIOOAIfe XII 1 3^SSS ' 
10 □KD|H^D|E12J E^ 3 S Bl 1 3^#BJ E3SH3 Afg^Q. 0101 

AK 40 01-OIHSOIEi OI^S ^IHS 3^ tl^S «=(15)S Bl^tJCh B 4'AIOtlDllAl^ OR -BfflEia 
M(Clarlant)AHHIA) M^.o[~ AZ9260(4 , -iS) 5£E1IA|^M1 m& ii« §ES Arl^lOl .^M 80 01-01 
HSOlEiS ESgjCh- 0101 M 5- 37IS L r ¥CH AI-21^1 itS(expQsurB)oM SQ. E IOblOO ,E"A|& Uh 
El- SOI S 95B= h:U-(UV1)S nU@o S 3^°j £jah BE( | 5) o| ^.goj ^0|HFAI3 (B 4'A|01IOijAi 

^ 30 0K3I3S) iciltlOl Bl 1 S^(14)# ^^5 r H ^ 2jRH bi^(UV2)S S 3RD kSETTIOIAI A r 
g*J- IS 21- DS ^§2J ag£g .3X0 tl4S ME(15)21 Hr^FAl iHsFOI Bl 2 kSf. S^d 

6)B ^^Cf. ifflg, Bl 3 bill- S^(18)s = s gQ|| g^HAI igj-sj M A ^ 

(14) 21- Bl 2 'SSI (16)2| aafiOID*. OiUIL AIS MEIE101 Bl Pit* aadflBS.'^RSI Bl 
1 biir S3 (14) LH CHI Bl 2 it» S^(16)S|- 2xl~ Bl 3 k» 9^(18)1 3^:^.301 01^ 
LH5^r>ll 5BOt «D. B tfAIMO|Alt'/&*igaiS S^OI 10 rnW/arf 3 7^2I£! i^lS S 3M 
k!T(UV1)A|&e 60££ 512 ^ ^IKH b:^(UV2)AIZ« 300^S-*KN ^JMI 30. dhOI3SO|E12|. Bl 1 inS * 

s.^.(i 4)B sstm. 
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OI^Tfl 5 EDO ^S! ofJl UA1 ^(development) g^Ofl AIB1 S3 2f3 

(positive) 5M&IIX|^M2J 2^ it»S ^SOI «1^£|0) ElObOll EA|£! Um ^ 3*13 aa # 

E(i5)LH0ii &r sz^i aa or 'hieism Ara az34Q(#£S) abco. 

OIULHI 1 irlJ- 33(14)21- 13 k» 23(18)01! 2JS 3m Sl« 1E(15)& HI71EI0THI 2 5ZK19) 

1 SgSffi HI 2 irS 83(16)011 2i@ 3^ aa IE (15)= HI 71 El 01 SI 1 §2(17). Ezr SI 1 S2J- 

a 2 §zki9)# «gca. ^AiEgs&Fsns!- «7iai^ ws'sia. »eo5)m. erwi. mt e 
?m ^sm astrasu moia ?s2j as gejsis! see A»-?tt»Ek oiuh ^ie^s^ei a i 
szki7)2j wwasi soi^, a»a a« §E(i5)2i ^jbisj so dkjbsoieimai hi i sa(i?)2i £ 

012! 30 DfOia^OIEiM 9 50.DKM3SOIEi^ £101 HE 01 £0|£ 3^S ^APK SSQil ETIl.EI^ 
210ICK 

OIOIAU E IOcWI EAIt!" mi .901 AIE2J 281*12! £9011 HI 2 S^#(23)l SSthD. B AIMMAI 
= -.a 2-3*»(23)£S HI 1 S^§2| 4^ S^Sf- 9S ?EI E£ SI O^fc DK)I3£0IE12| ' =HB 2 

s s*»km -Astja; ae^s 3«a sa eE(i5)2j sggoi sfe-a 2 ■g*»(23)sh« si?m=a. 

OWO.mS.OIftS QSjU- UCh S^23 HI 2.S^#(23)§ SS"W«r WM£ E,IOc(HI EAISt Uh 
El- ^01 7I5HI- 4^ 3*hS il« BE'(-15)2|. SE01I = §=rE|KI S3, 7I5HH- StSt!" £3011 Eh 
S*fSD. ^Al EfE 3^ tig gE(15)2J 23Di| g^Tl g? 3**S IIS 1E( 15)2] 214^011 

*2i£ HI 2 S^#(23)2KHI 1 KKWS-H.2 S2K19)2J" of¥(Hl 2r fl-2 g^S(Z3)ZHHI 27l*!2£ 

e»k)i:oi* EsifSoiiAi 3»a a«->£(i.s)2i'.a^ofl£ esoi boilpi anion oim'3?i ?mj- 

0IQ;".0IVJ|.3Xf9 »«.-«E(15)2| S£*OI. 2 ' 3^#(23)S«-/fl7»F& 122 

^#'(23)M ^ 2iS g^CHI AIE2J 13^ ga£ »Bg "LOUIE!" ".S&siSJ £2 ^ SB 01 

Af^l ^ °IHD^ g £]A|01I0U13 mmt\ gEI6!(polishihg) 5S1 ^t^EK E 10c3- E 1 0dOil EAI 

«■ aas.iBi^ ssoi atii.aoii 7eiaa. ^, s^oi sai*]* aomra-VEi'^B.s-mm 3»s 

aa- SE(15)2] sl^oil HI 2 34ft(23)V Hl^Ch E I0d£ 'IXItt SfiWXI MEI^M 

0ICHA1, Eg E^ ?2*H ESI *aSF3,QSSF ^AiM E 10e(HI EAI Hi" b^K^OI HI 1 £2* 
(17)Sh XII 2*S3-(19)0I Hi 3 "S^«(21)£S xH^AITII SP-, lOdEh ^ ^EH(HIA1 ES 

■ Aj.S©ra" HI I §ZK17)M HI 3 g^#(21)£S XI « HI f A|A|CH(22)M HOW ESS 

•HI 1' S^(17)CHIAISJ- g-atO. Hi 1 ^01 E^ .HI 3 S^#(21)HS »H US. -HI 2 'S2K.19)2| 
CHI HI. 2 S^#(23)0II HI 3 ^^#(21)01 -&H 9^ EI3 M 2 MZ^(\S)S\ t&fA Si^ HI 

2;S^S(23)°I ^CHIE ESOI AI^EICH HI 2:»a'(19)E HI 3 S^S(21)Hg miK\n EIS. 201 LK 
^, Ef 2^°! ESHS HI 1 SiKI?)^ HI 2 S^Q9)0I BS2| HI 3 S^#(21.)HS xB?-IX| 

Til EICH HI 1 A|A!CH(22)?h H .^*2| HI 3-S4*(21)!2t SOiS SOI « ; 1» iOIBQS 20|Q. 01 g 
S £ ^AI'0II2J ^SOIDI 7i7)|S|oi ant* ^SSI- Sll 73*^*S(HIAI SHOia'W ^ sq. §■ 

H^, Ai^ MEI&ICH Si^ 4^1 HI 1 SZMS 491 HI 1 LHCHI 491 Xfl 2 S^2|- S§fe ^ 

Mi i^ ^ aa 014: &eai u-5«w.*hm, Ais Baaoi:ai=;«9i-38i 2 sz^is zrzisr 4^1 
hi 2 :szr LHOii 4^1 7T vszm mm= ^m- it sn oi4 k »eai lhs§wi oho^ aa*i- mi 

iTS-O H HI I WXia(22).» HI 3.g*#(21» so. 

SHU HI 2;S^e(23)0| 3*ffl . a« ^E(15)2J S3 CHI £XHSfe S^WIEHI 1 S^(1?)2I" HI 2 
■(19)S'EWI-2| HI 3 S^#(21)£S E|D|/ °M OIQH HI 3 S^#(21)0I 3*m tfa ME(15)2j 

mmsa tm&s. u\m iei4 s§ Woa m^^i 4ni uokhs aa. b .^aioikhiais 

Hi 3 S^«(21)SS HI 2 S^#(23)lh ^ ^ei E^ S^ .AtSttSDl HI 2 S^(19)(HI xH?JA|^ HI 3: 
S^S(21')2| .^Hl£ 10 01-OiaSDIEI 0I4^S tO. ' 

OICHAI, 3»S S4S ME(15)M ^IgHKOhHlE)^ ^° 3SS. S« IE HI?I 0 ^HS HITItlCh. 3^J 
a*S lE^ Hl^s" 4"EHCHIAi MS 71 S feW.fll^B 3*hS '^AhDIEl HI. 1 S^#(12)# ^oH . E^. 
S7|S{£S 23SHOI 21D. 3EHA1 ^OTIE|°] 27132! zieiB.ffflkH 'V S^S(12) S HI 
Tl^fe B71IM Titm EI=QL HI 1 ^0(12)1 0|^~ ^ #S| S^/g 4^ S^OI ^E|.OIS ^El.4 1 
■^°m SOI3 S ^I^CHI AIS# 991-UWa«rWC13) E^' dR.S^#(13)0| ^ HI'I XIACH 
(22)21 efeOil ^.¥B# .HI2lt!- S3WI HI 1 S4e2| 4^. S^S HMSJO. 01 [iH,. HI I 
AIAICH(22)e Stmfe HI 3"S^#(21)E HI 1 S^#(I2)2J 4 k ¥ 'SfWh S^OI^I UH^Oi] H 59 
0| AjSTEl^ ^^S^ ^))il^ ^ai2|"^JJ(H. HloH DH^ U\UWP\ .ffl.S(H ^AliT ^'SiQ. HE-ILK. HI 

2 3^§(23)S ^))07h SF7I tm^OII E lOeOUAI. 2l¥(Hi hi^EIOI Si^ HI 2. S^#(23), HI. 1. 5^ r 
(19)2| 2i@ ^fes XilTitiCF. HI 1 S^#2| §f« <-34Q| EhO|EfeOI3 EI-OIEhs " 
A|^2HQ| k Hgoig 3M ^I^Oil AIS1&?J UR - ^§(13) H^f S^ #(.13)01 HI 1 
XIAICH (22)2| tfem HI2I*J- E^ S^0)l-2{& HI 1 S^#21 - ft}£"3*tf. HITithS, EjOf 

CHI EAI a U\9.[ B3 ^ SSOi! HI 3^hS ^IlI^ °iqE1(103)£|- ^ai^OlE °!qE1 

(107)7f-B|5- BD. . * - ' ' 

E 109^ El E lOjWXIS B ^SOil EQ-g 3^9 ^iEIS" S!qE1(103)2hgaib:0|E S!3E1(10 
7)2| n-£ S|^2J 6IAICHIS «SSP| fltf B3 • ffl^FEOIQ. B flA|0||2J HI5 E 10e#E1 

E 10bHOT2| HI 1 SZK17)3h HI 2: *3(19)». Ul"ah= .3»S tf^SI '3»S aa gE(15)M 
HFSM.DIEI St»^CK 0I^> E IfeOfl EAI*J- HhSKSOl ES E^. °2tH ESM eofOj HI, 1 BZK'1 
7)1 012! S AIM MAI 21- ^ Hi 3 S^#(21)^S a« HI 1 A|X|[H(22)g HI 1 AIAICH(22)2J 

^oi^ mm\ hi i s^(i7)2i soiai- mxm ^sd\ si^oi awaau e«e oi«. ssou o^ 

01 SCIv'OIOIAL. E 10HHI EAIft-UKI- 1*01 aa ME(15)2J HI 2 SZK'19)2| u^/S 

HI 1 A|A|CH(22)2J 4^01 012 ^ AlOIKH] AH fig HI 2 S^S(23)1 : SStHIK Qg2:^ MEI4 
^tSofeQII, E IOh3F E 1 0 i Oil EAItt"SdB sEJ4 £§01 atBl 2011 7KI2!Q. §201 3EAI 
£!■ 30|]Dm % *B|«l« StS^hO) 3tm aa 1E(15)^ 5l4¥tHI HI 2 S^S(23)^g "HITI^a. 01 
tt^ OIS^ 012 fit'AIOflNAI SSSt bHF. E 10i^ SAI^ S2DKLS£I4JS ^tSShU Oi^ 
S^:^W 10 OmiHSDIEl 0I4-2] £S E^ ^2ttt ESM ^AioFOI HI 2 5^(J9)0| HI 3 -g^«(21) 
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&EH2J 99M EAIsQ aCL 

0IOIAI, 013 ^AlOOOIIAia- HOI 3»S fil 48 ME(15)M 0MB5°£ -3B7»H1 ±*HHE|2| S^|Sje! 3 
BIM £1*11 XII I S^i § 23© M?\t>Y2 E IQjOfl EAIS HSUf? 99 g^, ggOU LL1 

as 3»a ^Elir 2!^H(103)a gEilh:OIE 2!qE1(l07)^h aZSSCh 

agtl ^ AIDflOflAi H£S E 10f2l> E,10j2|.^51 ?£S ,3»S £»2| 3^2£| Q 

SSM DHllSTil *KH H^EHHIAiSJ.^i MOID 0-s»aM £0171 SlffH ?EIU 3 

°3§«.Kf Q ^ttaPIU ES 3 ^^OilAI *j2r&fe SSI □ ?|ffl 4 2iCh 
E3£ £ go|| HE1LI- aS 3^ 6MMS CHJz S^OflU g^oPI (fflgOU E lOfEh EJ0J2I #EH 

oiiAi ^tsohs uhsr s*#(i3>, a i aiaioi(22V; s *o 3 s^#x2i)°i -sens ?a es soi 
a*raoi a ^nw ^jhsi ami sd. £Kh-ssoi ?iu h4iefoiiai2j si ai*»oi sjwpi mis 

Oil 0|1 3^#l°J £2M DHU^Til IT 01 ^ SEOJ ^^^(HIAI ^ ^z»JS S.Pip. 

tfAinoiAi as 3(S£ e^ i2i)E oiskhiai ^tsa^i imsiw 7ieki 

doii aaisia^ LHsa s^oiie *w season a« stm ?ai an 4ts ir 4 aas g- 
soi sip. 

0|g2| ^7hAI fe'AIOIlOilAIS S SgO]| CUE QgfcT 3»S . 3^£AFM a£V 4 a£ 3502. gJSOll CHtH 

uiasiaa. oi^ss &goii stai sson ih as 3»s. .±hbt 2»g!ei(io3)sob oichai b 
V30I cm Q2Kt 37m £ ami oil an ?mwo. 

e us a ^goii rag ggaii mas 3*m aairoiE emaao8)2i eiwtfgfl s«?s aweoi 

SUS E'.IJWl E32J HAWS 7|&g ^40 ^ 30IQ. E 11011 EAIS :?2S 3^ XII 
2 g-SOil 5^ S a«J ^AID1I2| 31-S g S«S «^ 4tSt»01 »SW 4 -SO 10a^E| E lOe 
DhXiej 2f^# ^tS^IOI Xil 1A|A|[H(22)£F a 3 S^#(21)§ fi" gx-IIS 3^-S SiH MEM 

nntm ara n ^¥on e *t 3^ ti^ mem e^^^ e ioa°j ar^cm E-iofuwi 

°J SFSM ^4S5h3 E 11011 EAItt B^F SOI «l 2 AIAICH(26)ah Bl 4 g^S(27WA| SSS S§011 B. 

2i= 3»a itEiihioiE ei^Ei(io8)M mz%> $ acK gus.oi ^2E~ e^ ag^;«i5 s-goii mi 
^ aa«. ^aidiisj nfs § g^i ^ ^ts^Wfli^s ^E Si^oi oi^tii attf aii^ »aon aftr ^ 

7m Aim B S20M XllSSfe E^ 3xf^j ^%2J XBSOi AhSl 4^ 0I7IA1 

ci-o, e ife e noil eai£) gm\ m 3^g gaikoiE e!qa(i08)2i s^'u^- s'ai 

(29)M HWm. SAI#M , SS0|-H.-a=:3»a SaiEOlE E!qEI"(109)"2I-;.?S«-E 

AluHl HQ, OIWdE E 5£f S^Oil " :*0| UJ.-SS- 2!C|E|2| S^Dil SAISM. ?m= ^iM 

Hem^SAM °iqE1(Hl g*Fl fll^Kfl E 621- ^01 AHSS 3^S °J 

<3E1 E^(105)M MS^ ^ SiTil SEK 

Etr: E i3g rasa d^SAi g^#(3p)g .7maAi sm\ \Li>^,m&:.g%\±o\E aqEi(no)°i 

EAISKQ 2ia. OiS>il UH^J SS^ E 7011 CH»-«SJMAI £!" HKF-aCK 

e i4^ ^ wsi' ^nir ei^Ei^h ais ^#eich an."'Ais,.5ils sseich a^oi «i^2i ^ 
-mirewEiE s^oii \a a^ ^m (stacked) ^ emEitmoM eais^ 

OIQ. .gaoil ^^H §W0|| bH-^T SAI ^^#(29) E^ HHS^.H^r SA|;S^#(30)M SS^ 4 Si§§- 

s-chiai uw mu. as 2is^ e hhj ssoii un a^ awa'-aaitoiE amadowg nzm 
soi.a aw ^aioii e= affiH ^aioiisj. sra s ^^m □ ^§>o) aw *.aa. ^ss 

^ull- QiqEi 71 El- ^QilAi "eWEt^ ^Al^fe 3^011 HltB •§ SJ^ISii 21-4 ^P-^ §§M 

^SOICK B tT30flA1= Ol^ltHI H'SOI ^H|^ ojqEiM SSOII ^0| SI'S^SMI SHMAI ^ 

st!- ssoii soi un a^ mm ^ ssa« ■ asoi: ^e^ &aAia aoich a a . sw 

$ HiHH ^AIWI E^ ^ SRII ^AlCffl^J. 1FS g m^M *M0\ OHd. 2H 0I# 3# 0!4 k 

3t:^| ±mW °J^EiM 1^ ^ aM 20IIIK 01 ^ »BS ^WH ^211" °j^EH(Hl 

^ 5101 OJ-LIBh B. ^S^i SSI1 ^AIOIIOII ^ a^DI 0|S^ DH^ 3^S ^521^ 

^ ±wm a2M ^ ace ^im m^w.wtiD. e*l e.92kemilhai^ e i3dkio)i;.eai9 ^aiir 

OIE °]qE12J qi3SM ^Btl S^^iq #Mb:0|E 3£MM tl7^2.^ -gBSW Sr^. E 15011 E 

.Aia uha- soi i*m. 3£](39):nK2m afl(4i)«.aaopm; e^ .^sbj gg(39)nio 
a^o^KM 2»» ad(4i)g as ^ehs s^era 7is ^oi^u go. ihf ^iti- 

^ H S^ 31 -^(coupling coef f lcient)M ^ 5 SOU 'B a^ 3^ #Ellh:01E ^sh^ch 
(112)M MSm ^ aQ. D^WS, E 142J„3#S 3^3 ^Elfe Sl^a ^50flA| ^ #2J,^E|^ °j 
^E\m ^11^ Sl^hAI STII A1^ HIGH im 3^!(39)2H 27j^ S^(41)M Si-^ ^ ^ 21^^ 

aitll ifOh LH3 715 ^01 ^3 go. a ° S 3^ ?> 

s secHi nt a^ 3^ ^m^ M2H^5Di4iK3)i xn^'4-aQ (e ieg-5). 

E 1?s Lm ^ZE^i BIE^M ^AIS 3t:^| ^all" °!qa(114, 115)M EAI^HI aQ. WIS 2[ 

§~ E U2|- ^SOil [LI as. 37*S ^EllkOlE 2J^E1(108)°J ;n22f- -^CK 4 k ¥0il [Li aS BIEdM ?\ 
AIS "3»S ^KHr.e!^a(114)2|- 3^011 tLI as BIE^M ^AIS 37ta ^ttlW 2i^E1(115)S °i 
qE1°J LH^2h 2I^M 3^ofS EIE^E SS011 H as £|Oi aCHAI,. BIE^jOl HR*r^£(HiA| 

E EIE^OII 2|*i- ^2 ££M S-AIS 4= aa. 3BII2 ^^011 IL1 as BIE^M ?WS 3^ ^ull" °J 
qa(115)°J ^S2J ^Eli* oiqEI ^^01 ,7IS£S*a □ SOI Hi aTfl SQ; * 

0I#°J ^AIMMQUAIS SOI IQ as 3tm ^ ±X\m -&MM QSt!" 21'^aiOll' CH^IAie.K^a 

6r|-aCK Q§£^ E 18? B ^SOll CCfE 3^ DK3I3S D|£1(116)H| °Jj|l SOI4S 
AWEOIQ. .OI ^5S ^ a»H SAIOIIOIIAI tfStt aS-jUS"' 5-E lOfOD EAI^I Ed -582]" "a°-l §1-01 

m 3 2^#(2ix aoi a^tKM ss&4 aa. 01 an dihm afseis a 2 s^*(23)°j ^jjjis 01^ 
a 1 s^#(i2)2i <a^m aTitis ssaioh* B¥ ^m.^m nmm -a -r 12)21 ^jhmq □ 
'^aa a 1 s^§02)i xiitiu^s s«!M" a^tixi »s a t'.3^»<i2)j» qe Mioioiof ^ 
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D. 0\%n Sl^rS DHDIHS DIE1(116)& §231^ (electrostatic force)0)| S»| ^gEIOi 2'S 

^§(23)£g OI^CH*! 31^901 ±§2J Zf£3 *M'SD-. ^ £ IBM EAlS.H 1' dS- 3^(31) E^ 
H 2 as 2^(33) €2f g-Oi SHJ 0I# 3igS°l §h«0|| SXHoj^ S^g^&.S SIDStt 0I& 2313 
£5 3B|£! BR g^#(13)2J AfOICHI SSI ^ 5 AK)|0fl S3I.& SoHH SUsH §231^101 

W4J, .5 SOI AIS.SDI&3IXI7II El~ 20ICK.0iem.3»a DH3I3S C3|E1(116)^ 331*12! "aSM 2| 
*H g|2| 4 2J3I (05011 - ma- AliiSOflAI OH? .Sfitt *^W2! ±*lx|Ofl OieSD. 

E I9^E1 E 290»XI = g. gJSOfl COB DSffij" 3* r S S*tf(1lf-127)2|..8M ttfeW'-iiOWfe M 

AIEMOID. iKQ£, E 19^E1 E. 29UhXI CHIA1 EAIS DS« 3*r3 SSaaS-BSa M0I3I £1 

n is soi -^sera as oiow .sins as ue^qk s^ae Aj»nKd* e^oii t»2 

01 Elfe iXIOID, 3|££| 2*1 S5 3lft£ S^dc 3I5HU.DHS 3HTOI MCHS13I UHgCHl 3I5£ 

aS £6101 3 6IEI5 315 SMAIfe Ar^OI 013 SGK ZIEIU, E 19^Ei E 29J»X|0ilA1 EAItl" 
SIOI £ V30I CQEr XII 3 S^§(21)££ aS£§ -3IS£S*E1 0|??ofO1 4=2 'DWHSDI 

E12|'*0|S gm\ B SiTil §f9 3IBS32I fiS. 8131*1© 3 i'M: £ o,^ t|0) aj-oj ^ 

(insertion loss)mS0| DH° ?4£|- 2^d# ZWH &KHIAIE ^ V 4 2i?ll S 

D. E 19¥E1 E (HIAH EAIS* DSt!" «ffl2J'3»a S£a(117~127)§ XMSI tfffiSS- a$:i!2 
a^'BI 33^#(21)P_3 SSS SBtl- ^ ^.3I5£3^E1 ORlEIDi 4£ DrOHSDIEiej ^015 
[fl 2J= 751 SK52 & 4 SID. OIM^J D#. 2 <= oiS7||-SK| :?23f- *!3 

301 2lK?K*fe 20111 SXI ?2M iKt fl"3 "3^*(21)£3'«!SS asa°J mgoi umn gCh 
SXI ^£g:0|^£ ££§(HI~ OR 3X1 S^6(29), HI I SX|^(35), M 1 SX| ^3H(36); HI 2 SXI 
^(37), S! HI 2 SKI kT7H(38)^ SCK M I 2XN(35)g n 1 X|XICH(22)£h 3.3^#(2i)g 

s?fis.a«-Ai?) ««?m, \ m\ \tM&)= ^§sj "H8»-tf si.aa^tfczDas ssshdi, 

•2 SAI^(37)^ a 2 XI XICH (26)2h *li 4 g^S(25)'M gg*J- agfSS" BtfAlS SSSffl, »| 2 : SW "W 
ffl(38)&^S2| Egfg §> SI 4 =^#(25)£S 4 2iQ. gUS. E 20? §?\m m9B»1i'.D\ 

OIHSiMlj <y (microstrip. Iihe)g 3IH°| ^Oil EAISrH .^H, . E 23^ .3SEHU 

EEhSKcoplanar waveguide)!: C JJ? EAI^MI ^HDI, E 26? 01 #1 : gtJt> AHS? « 

EH2I 31EHU OrOIBS^eej Ajoj EA|*H.2iCJ. Et>> & 29fevS3IM DHl'S S> a^^^lOI 

^(coaxial cable)! 31521 ^Dfl 75.1 EA|oH2 'SID. 01 ?££"£!S20| &v\zm 3^15 

9.^. mum si3i "nisWDe ^sss^i as e^oi * ^soid. diEit.^^ 

m 01@ 2X1 qi^B'AIStf 2l°13fe SHI ArgOBAI SStt #3 ^^,'^EI( isolation) 'fS 
^Ei ^2m0] ArStra BD. 6 flAIMOIAI^. 3IS2| S?{5lS;.3lsg~ 4 .^31 UH^Ojj M 

f*OT.S»-.D8?6t-^s2i Sfa(n?-i27)gp n°^hoi ns«ip aw/^aidi sd, 

E 19*B E §AI 753^ B 21 EAm^^tiL E- 3CI? -SEIlibljE SEH°I 2AI 

fl(47)» 3W&.3WS a^a(!28)l EA|§m S.J31S -«aM)|E «EH2J anfl(47)»:3OTfe 3 

^g .^Eia °jqEi(129)M EAiem SID. E 30 E^ E 312J gEHkOlE- «EH°T -aXlfl(47)S 3»a 

^iQii ^mti axis s^si-baie axi ^ lh (hi H§r : oil a (ed&) .^mow 21^ ^1 
eoi^ ^d. 

OI4 v °i fig ^AlWIDjf DEI- W^g DgJB ..3»S- 5Xh~ H a^-31- S^Oil [L| 21711 E|CH 31 

^S^OI 1011 4 Xl^j^ ^ SID..'"3E1LK ^tJOii ^Jo^ S^a^S" Al-Stl" 

^?E|2J 3|7|a| se (stiffness)^ DH^ ^t[0\ 20':DhO|3SD|Et2| mil 20 DfO|HSD|E1£| =J30 OI^Qil 

m= i\7\m m^n m^ mm .dehjisid; oin bswoi.hs ssoi bd. n ^ s. ^¥3h ssoi 

H3 ^hH Si^ 3^rS 4:Xr0il BSXIKencapsu'lat ins material^ SCH^?-| 

,S3l?lv. 3I7IISJ ei-SM ESSKQ IH3IS^ 80I5WI ^ 4= SID. 0|£1*j- WmMh H7IIS "2F3|2| EHllfi" 
LH¥(HI Si^ ^EilkOIE .3g°J 2.^# H§A|3I3I Z\M MS** . ^QiAlE; tTOhS 4 Sl^CB 

&Ea iH?igoiiAiE awi a^eih sid. s s-soiiai^ siEhssrtfs stf- .tiis. e^ ^eiss 

(silicone)^ aa-«3lr ^M^e ?>S SS SH3ISg ^^^M Ahg^ h 4 WHO. -Sua 

OlEI&.Sg.XIIM .^SorSlB m ^SIS a? Sfi| : 2| e3Kr 10% QILHEr- MH3K;SiD. 

&a»Era & arasi.-A^i oisera oser essF ^goi 3te»raEkoi«Eiu-oi& wjg m'a 



2^*> hf^ ^oi ^ irscNi cci-^s, ^<yeag ^ -»*as "«a ^Xr&ei ^eiS- ei^Ei ^eh^oie 
Qj&jEi, .^siir MgH^sDi, aaikoiE MgH^scn, awes oieh, s^.^ s^^s oi^oixi^ q 

'gPW ^Xrie -3I5^S*E1 HEN OI^AIS g^CHj ^IS 3^gJ .UeWSSW OlEit! ^X^OI 31 

5 £oui ^xiofe s^g a?ii ^ s^i ^sa :§aioii ^x^i- sw2i 2^ sischi ?s 
st/si- 3is-assi>as ?j3i^^ soi ^xsoi dh^ ^ti- §>e^ om 3i5Mh 
a ^ a^m 3rS^i .*jcK. Etiv e ssoiiai^ 4rX r 2i g^asj ^him .10 DroesaiEi 

.HtT, -DStK 3»S ^XhM2| ^21- PgO) . SlStJ- ga^S! &ESI Eg 

SS/ 3Ein iEI6l 01^0173 2A3I USUI ^IH SHoKM, *Oia#HS B»9h0| 'SSShSl 

1 ^SoUl DefS!" 3^£J g^ 4 Si£DI, 3IEKHI .0101 SI^S £ISW So^ 2 

?XI S3I [USQII. 31 BTE-S 2^2|S .S.glF SSH 4= 24D. 
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1 

71 S *IM SOI 111 2i= 3**S 4A>2| Sli^gOfl 'SiCHAI, 
(<i)"7ISg QI^SKr Etfll; 

(b) #71 y\B #Ofl 3^3 i|g |£| t^5|E|, #71 3*1*! H«§ gE°l HROflAI #^5 2#9 SI 1 
SZWI- OlOfl 31 El D1 #71 3*3 5I4SME2J 0I3301 2i= SI 2' 32« 3= i§2l 3»S « 
#££ ggSIS BTll; 

(c) #71 SI 1 3! SI 2 S^g SI 3 i^i£S iH^£ BJ|r S 

(d) #71 3tm m lEg HTWfe 97fl 

s strsfe as 1925 sfe 3»a asm. 

2 

9 ItHH Si 01 A), 

#71 (c) *=m 0\wW. #71 SI4S gE2F #71 SI 3 S^«2J #^CHI CH*I #71 (b). BTIIg » 
Q 4tSShn, SI 4 S^?#E£ iH^E Bl; S! 

#71 3*13 al£5MEMS 2^ SI7|S|-£ 

§ □ S£JS|= 2S m®°3. 5l= 3*1£! 2^ 4*l°] HliS-g. 

g -?^ 3 

XII 1 V ES SI 2 *HHI 210IAL #71 3%m i*#2J il48 gEg figS^ B7II71: 
3*IS) 1145 t- ESS ESSIS &74U 

SI 1 kU- #71 3*1£! tia gE#2| ig°| goiiJWB kimiOl SI i'irlf SSg 

§ 98H k.3 BTfl; 

#71 SI. 1 EH 19 3f SSEI= HI 2 Elf Bg2g #7| 3*fS! gEs°l HiefDCT £f 

SSI kltK», SI 2 kB S^jU- EK9 SI 3 ■eV S^g SSSfe i£ eJSH ED- 370; S 

#7| 3»S! a ES LHWI irUa S3S H8I2J fc!# SfSi Ss« SI 71 §10! #71 SI "1 EH S 
#71 SI 3 EH. 2^01219 SZHHI #71 SI 2 S^g, #71 SI 2 EH S^OISIS SZKHI #71 
SI I SZJEfe, #71 SI I S^IF #71 SI 2 «ZHB*«»I= 9711 

S 2!g iS°g §fe 3tm ^ iA"|2| SI2 S-a.. 

4 

SI 1 »► EE SI 2 *HHI SiCHAI, 

#71 SI I #71 3?m Slg gE2| d|£f2£^E1 i§°| #0|S #7l "3*fe) il« ME2| LH^CHI 

^01 3 £0|£ #71 3*^ £l4S.gE°J SOI SQ S>£D1;, 

#71 SI .2 SZ^ #71 SI I 5^2J SOIS^EI #71 3R|£J.tl^ IESI #71 3«S tl« ME 

2| LH^CHI «SS ^01 2! S^ESAI. #71 SI 1 #71 SI 2 AiS SS^ .^^m S£*> 

«■ 3m. 0|# &EAI ?>»| SIS igog Sfe 3?:^ =^ iX|2| SE ^g. 

5 

SI 3 *KHI 24CHAI, A1S ^SIEIOI Sife #71 SI I k^ S.^M# ^2) #71 SI I it» LH CHI #71 
SI 2 EH- gefiU- 2^°! #71 SI 3 SS'g slith feK3C| 0|# LHSftOT olS 53 g HH 

£5 5fc 3^3 iA|2) SI 5 

6 

SI 1 V Ir SI 2 iKHI SiCHAI, #71 H45 §E2j 'XHSOt': 

DH3I3S0IEI ^)J||£| 3S0I gOISIOI S^CHI CHoH i! E -*!51®S SI7I7F gOltJ- 19^ M1°J 3S 
SS2£ Sfe 3*IS iA>°l SI5 . 

SI65HHI SiOIAI, #71 ma ME2j S)§0|: 

.iMaiAI^M, KI0IDIE2I- gt-^ s£ y| g}-^ ■EIDI.7IB SEILh *S S g£H^ 

S: 5*}©h= S3 TUS aS, 9i g£^^!E£ ^SS 3°S^E1 CHE ShLI°! 21g l§2 

s sfe a*hsj 2^ iAh°i as aa. ' 

8 

SI I ti Efe SI 2 *!-0fl SiCHAI, #71 SI 2 S?HD| #71 ti45g'E2j Hl^aj- 4821 OI^EIO) SiEOi. 
#71 SI 1 «32| SOI7K30 DI0I3S0IE1 0|#ES oKH #71 SI 2 SZKH1 SS§ '.g'^sOl #71 
7I.S-ES^E1 30 0I0I3SDIEH 0I#°| SOIS-SSWI IB SiTfl Sfe ag • iSSSS.Jfe 3*S' 3^ 4:A> 

34-10 



^2002-0076512 



21 *02 Sg. 

HI l« E= HI 2 *H)il SiOiAl, £71 PIS2J Mmoi. 
gM| 120E01IAJ 3Q|^ eiSAI. 



^ ±WS| HI 2 
10 

HI I ti- Eir HI 2 t.HW 2101 /d, £7| 71 SS D^Sfe EPPli 

£71 715 £0|| HI 1 SSt^U, £71 715 £(« HI. 1 =^s§ ^S§H □ *|(HI S^S 

§ emu □ stmis a§ m= 3nu ^ ^wsj his gn. 
11 

hi iosoii siCHAi, £7i a i sz.nn- hi z szm £7i m 3 s^m e^ hi 4 i^t^g 9 

.7117^ 

£71 3*18 SI 45 MESJ 2l£¥, £71 HI 1 ^2J SM?, S £71 HI 2 o^CHI Hi £34M * 

SSfc 9711; 

£71 HI 2 S^S S £71 3XhS SIS gESJ ^£^0)1 ^MS HI 71 3 1-^ 3711; 3! 

E= J?2*H Eii ItH £71 HI 1 S&jU HI 2 §£i# HI 3 E^ HI 4 g^SES xH? 

= <Em 

S Sttffe §3E£ 51^ 3x^J 47J2J «5 
S^tJ 12 

HI iOVOI SiDIAI; £71 HI 1 32.HH- HI 2 SZ« £71 HI 3 : HI '4 §^§°g XB?^ 3 

711 7H 

Eg E= ^SoH SSI £71 HI 1 3ZM £71 HI 3 S^S E= £71 HI 4 3^i££ 

3711; 

£7| 3%m 1142 1E£J 3£¥, £71 HI 2§#2| Sh«, a £71 HI 3 S^S E^ £7| HI 4 g^#2| 
£^(HI HI 2 g^S.g ^gofe 3711; 

£71 HI 2 S^S § £71 WS! SI4S ME2J £|£^0i| «g§: HI71ofe 3711; 

Eg E£ £SS|| Egg £71 HI 2 £011 HI 3 E= HI 4 g^-gg «2ofe 3711 

S StJSfe 2# Sfe 3*h£! ±W2J HIS g-g. 

S^'IS 

HI 1.1*J-M 210W, £71 3»S iliS ME S|£^M H= £71 HI 2 S^sS HI7|ofe 371171 gSI£ 3 
S2£ 0|^01X|£ 2# £S Sfe 3<4j SWSTHlSBS. 

g^ 14 

HI 124HHI 2!CHAI, £71 3*h3 I! 45 gE 5|£^(HI S!^ £71 HI 2 3^#s-HI71Sfe 37fl7K§E|£ 3 
gES OlipOIAISr i92S 51— 3*^ ±XM aS-8H9 . 

15 

HI 11*011 StfHAI, £7| HI 2 S2.KHI £71 HI 3 E= £71 HI 4 S^sS SSo^ -B71!7h £ 

71 HI 2. £¥S £71 HI 3 2^5 E^ £71 HI 4 S^SS HI7im7| ?lo« S2I4! 

s 4tssi^ 9-Tii g a 5*^^ ^gse ttz ^ ^21 his sg : 

HI 12tm £71 HI 2 SiKHI £71 HI 3 E^ £71 HI 4 g^ii «SSfe B71l7b £ 

71 HI 2 S^2|. £^S Mgti £71 HI .3 ES £7| .HI 4 H1715PI ?|5|| SEI^ S§ 

§ 4tSS|e 97111 □ Et^fe ?Jm ^DES Sfe 3^-^ HI.2 US . 

17 

HI 10:t>0i 2J0U1, iWZ^J 27i^°! ^E|g ^loHAI £71 HI 1 HI71ofe .EMS Q 

5tiS|-= 5i ^SES Sfe 3^ iXra XII 5 »gj. 

18 

HI 1* Eb HI 2*1-011 2JOIAI, £71 HI25I 3tm ^ >±im g^^2J Q) 191 
0H23g71l oK« S!l 75ltM S0IJ2 O-nEiM ^0171 Egg ^*S5h71U q»EI 

LFi i| 2,^1 Oil A1 ^ 4|2tofe 97SM □ 5S81= 2s 3^ iXh^l HI2 S"S. 
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19 

1 1 S2r M 2 VW 2101 Ai, §^71- SSOil 10 21b «4i S13 21= 47ISI2S! 

±xichi sera2i- as Tie 2= ^aass ss42f. g§4i §>e n?iss ssas ecu 

£X12| *17|3|, 71711 *i ohgs tssm 17191 §0151711 S|= 57111 □ SfeJSte 2I1 §32S 
S1= 3*1S! jo 2 

M Wtm 2101X1, 471 SI 1 S^sS EHDIEte 22B 311 0.1 010I3S0IE1 0ILH2I 5MIS, 73 2 
= 51 1 0KDI3S0IE1 0ILH21 =MIS £*1SJ£S SSI QIXI " 8TS --«KH0IA|' ;S*mOI SJ4SH2. 491 
dR S^S, 491 JO 2 S^s, 471 731 3 S^S, S 471 SI 4 g<*§£ 491 SI 1 3«%#2| 4¥ 
SSOI 7EI2J 3? 2^ 7E|S, 471 XII 1 g^#2| 4^ 1101 g°J 3^ 2? g£S S4S10I, 4 

• 71 SI 2 0.1 0KH3SOIE1 DILH24 J? MIS 2S S*fSK)| «4SKQ, 471 , SI 3 g^s21 .471 
SI 4 g^#£ 5DD 10 0H3I3S0IE1 014 2= OIM 4§5l2z ^MIS §1= 211" |§°1 S|= 3*tS'3 

* iXhEJ XH 5 ^g. 

g^t* 21 

SI 12tHM SIOJAI, 471 SI 1 3^S° ElOIEfe 2= 311 0.1 DKJI3SDIE1 0|LH2| JPMIS, 73 2 
= 11 1 DIOI3SDIE1 0ILH2I ^)HIS Slf IJH73 S*£ 4EH0HAT §*!*IOI tiSSKQ, 471 

BR 471 SI 2 g^S. 471 SI 3 g^S; S 471 SI 4 g^#£ 471 SI 1 S^§2| 4* 

1101 7EI2J 2^ 7EIS, 471 SI 1 S^s2| 4^ Ml 01 12J'1!° 25 i£S «481DI, 4 
71 SI 2 g^Sg o.i DIOI3SDIE1 0|LH°l 5HI5 SS S*t«IOI 4J4SK0, 471 SI 3 3*631- 471 
SI 4 g*#£ 5MI 10. DI0I3S0IE1 014 2= OlOfl 4§81= 5MIS Sf= .31 ^32S §1= '3*13 
1*-±X12| SI 5 

S7ST22 

±niir.ssf£M sgcHi m 21= si 3 p*§3f; 

471 £E|fir" Hgf2| SI 3 g**2| LH " Mil- 21^ ISS^EI 43 : £3:«l^ .715 22= UR 3*g21 

aaaoi 471 ±mm e°~i si 3 s^#i xixish 35 7h°j sm xixioiah; 

471 SI 1 XIXICH2I 21= 471 715, 471 71511 471 .712921.4*011 21= 471 dR 1 " l^=,-4 

71 71521 471 71521 4¥0|| 21= dR 2X|'g^s, 471 ,71521- 471 .71521 4¥M 21= HB@S Idl- 
er 2 XI g*;*,. 471 71521 471 71 2S2| 4^011 21= 471 UR 3*#21 47| 71521 4¥0)| 21= 4 
71 dR 2X| 2= 471 712521 471 7I52| 4^0J 2i= 471 HI^T 3^*21.471 7I52| .4^ 

Oil 212r 471 U^T SX| CH!^ SILh; ' 

1 3xm ills 2!^! El. 

g^tT 23 

SI 22s,t01l 2101AI, 471 SS01I D 212= 3^£J ^EliT 2J&1E1S aJWffe ?9|0fl gaicOlE «EH2| gX|^ 
1 El 5*rS12= 21 igog §(■= 3?tS ^HIW S^EI . 

24 

HtOJ E 0 o'2g SS01I W °(2r *1 7H 0I42| SI 3 S^#21; 

471 7H7H2| °fCH 2^21 XII 3 S^§2| ^ g°£^E1 §^0)| B[CH 2°fg S1H 2i2r A1S 

S!St? ^ 7H2| =^#2| A1S LIS ^ 121 31EICH 471 erai-a-S2| SI 3 g^ii X|X|oH 
2,^.^ 7H2| 471 SI 1 XIXICH21; 

471 SI 1 XIXICH21 it^MM 5|CH Sg» S13 2I2r « 7H .01421. 471 Hh^f S^S2h; 
471 BR S^S21 SI-^M 2i= 715; 

i zmvE ^aiioiE oieiEi. 

25 

emi 2^£S ggOII IL1 21 2r St 7H 01421 SI 4 3^#21j 

47I.7H7H2J e{CH- 2S=2| SI 4 ^^#2) ^ 1£S¥E1 ^^j^S S^tHI- ^CH 2gf«S" SSOfl- t£{ 21 '- 
~ A1S °!2t!- ^ 7H2J 47| XII 3. S^S2| A1S QS ^ 121 S^EIOI 471 ajCH 22, c 2| XII 4 ^ 
SI XIXItH ^ ^ ?H2| SI 2 X|X)CH21; 

471 SI 2 XIXICH2I Sh^OIIXI ^CH Slfl 8|2 21= tl ?H 0i42| -471 SI.3 g^s21; 

471 SjCH 22,'2| XII 4 g^ft, 471 SI 2 XIXIDJ, 3 471 ^CH ' S2f2|. SI' 3. ^4#^S 0|?012 g 
S01I IB 212r ^EIIirOlE °jqE12| §og?E1 ^°:S 5l^2| 715- UR g^S. 2= 471 715 
2| 4¥0H 212r 232IS21 3^£I01 471 5S0j IQ 2!2r ISliOlE °jqE1g X|X|sH ^ ?H2| X-fl 
1 XIXICH2I; 

471 XII 1 XIXICH2J S^OI 212r 471 715, 471 71521 471 712921 4^011 212r -471 dl^f =^s„ 4 
71 71521 471' 71521 4^011 212r dR SXI l^s, 471 71521- 471 71521 4^011' 212r III US dl- 
^ SXI 471 71521 471 7152) 4¥0|l 2125 471 UR g^#2h 471 7I52J 4^011 212= 4 

71 dR 2X1 g^s, 22r 471 71521 471 7I52| 4.^00 212z-47l dR 3^g21 471 71521 4¥ 
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Wl 2J= 491 Hies HR SXI S CH = su; 

^ull- 2Sf£3 SgCHI ID SI= HI 4 g^#2f; 

471 ^HIIT 2S°J 7$\ 4 g^#2J *^ MHS^EI 5^2J ^Ellf SStHl IL1 '2i= 

XII 3 g^s£J *^ S3- SlSIl, 491 ^EIS- 22J2J fll 4 g^s°| *^ M2S^E1 4=*!£2 

sf^ej a i nxima- 3i£ioi, ^mir 9.%'s.s. sstm na a^ 'a 4 g^se ante = ?h 

2| flj 2 XIXICHSh. 

491 a 2 .jqxiCHsi «mmiai ^fflg- a^°s sstm m s= 471 wi 3 s^tat; 

491 *0 3 491 «| 2 XIXICHfilSiaXI M2f 49| Till 3 g^S2f 3g 

49| «| 2 XIXICIR »W3!*EI 4>3|23 S^2| 715. UR =<s?# £E = 491 7I52J 4^0)1 21= 23 
SI321 S1EI0) 491 3§S 5 #21 £Hlir aqEW.XIXm ?=¥ ?H2| «| -1.^73 CHfiT; 

491 3 1 X|X|[H°j S^M .21= 491 715, 491 913^ 491 7I52| 4¥<HI S!= 471 tJR S^s, 4 
71 715^491 7IS2I 4¥tHI 2(= HR Sin g^S, 471 71521 491 71521 4¥M ■ HcTiB&& 
r; S XI 491 71521 491 7I52J 4^011 2i= 4*71 HR §^#21 491 715°) 4¥(HI 21= 4 

71 HR "XJ 24ft, 2= '49| 71521 491 715°) 4^011 2J= 491 BR 2^#21 49l 7|5°1 4? 
Oil 2i=- 491 SUSS HR SW g^S § 01= SH-1; 

i 3»a ^Elir 2jqE1. 

SKH 2U23 E| 2!= 3 4 S^S21; 

491 em) 2g2| 3 4 S^S2| HHS^E! 4^2S.S^2|-.^ID& agfSS SSOil It) 21= M 
3 S^S2| fcMJ SM S1EIH, 491 2^CH 2?f2J 4 S^§2| Og *HS| gogyg ^xjog 

U 491 su ^inqia 31EIO), 491 sfpi sgKas.jssw. m as- so 4 g^gi nns« ^= $ 9h 

2| 491 XII 2 XIXICH21; 

49i n 2 .nncH2i s^oia-i ^mirages ssoii ta si- 47i a 3 s^gaF; 

^mw e?> e 2i 

_ 71 UR 

Jgl ^IS9 .«|M a^OTMS^ S^EIOi ^| ^011 ES!z E|.Efl» >Jqfe ^09 §q5 

^1 xii 'i xixicH2i. o^tni ^ 4^1 ^i^isa- ^71 7IES fe^Dil -2ife ^71 UR # 
71 fe^l ^^(H| SX| &?\ ?\m!t &>\ : ^0il IHSS Hh 

S^l #71 #71 7IS2J #^Qi| ^ #71 HR #71 7|^2J #^Qfl # 

71 HR SXI #71 7I£^ #71 7 1 53 #^0il #71 HR #71 7I5°| #^ 

Oil Si^ #71 EHSS HR HXI S 01 hi oH-K 

S 28 

.^illl- egf^S ggOil [LI 51= M 4 g^#2K* 

#71 ±mW. S?f2J SI 4 3^g°J S^¥Ei o^2] °|CH aS^S. SSQII [Li ^ 

3 g4f«ai- s^eiil en *^ s^^ei ^^s o^2i fli 1 nmm asaoi #7i ^mi- aa c 
^ S5«wm-as n 4 ^~ ^ 7hbi a 2 xixich^;" 

#71 n .2 XIJICHBJ o^CHIAl sj-ch ssoii Iti 2i~ #71 .n 3 g^mHK 

#71 ej-cH.assi xii 3 #7| ?hi 2 nxicHsu-.aaaw as w miik#7i °4:h as^i q 3 

^r#2h2!EIX| #71 Xil 2 ^IXICH^J u^^Ei $l$2\ 71^/- #71 HR 

#71 7I&2J #^Qil a^' S5|1ISS^ a^EICH #71 o^CHI B ^ ElE'flS ^EliT S^EiM XI 

X\tt ^fe ^ ?H°I «l 1 XiXICH^j 

#7i xii i xmim tt^m ^ #71 ?\e, #7i 7ienr#7! 7i£^ #^chi ^ #71 hr # 

71 7ie^ #71 7|Bej^#^0|| »^ HR SXI #71 7I5.HL #7| 7|»2| #^0il a^ 5HS£! Hf 




s stmfe t^¥CHi [Li a^ Eia^e 7i-xi^ 3Ata.^iqir ei^Ei. 

29 

#71 ;h7h°i eicH a^Hi si 4 ^^#21 g^s^Ei -ft&'oi eta asss sschi (q a 
s ais asy ? #71 si 3 swisi Ms. am m m\ aiEioi #71 °kh hsst f 4 

#M AIXloB ZR ? SI 2 TvWCHah; 
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491 731 2 XIXIEH2I S^Ofl M e, v CH 2§fS sKQ 21= ^ 7H .0142) 491 731 3 ^?s2h; 
491 s«j S22) jc|| 4 =i£, a^| 2 XIXICH,. §j 47ISH31 H2f2| »| 3" g^s£S 01^0)2! 3 
§011 10.21^ gSlitOlE °j<3E12| MS^EI S|^£| 715, UiR E£ 471 ^ 

21 4^01121= SlEIOi 491 35011 Ui 21= gairOlE' 2.iq E1 g xiXloH ?= ^ 7H2| 731 

i xixinm; 

491 731 I XI XI 012} SI^OU 21= 491 715, 491 71521 491 7I52| 4¥01l 21= 491 UR 4 
71 71521- 491 7I52J 4^0il 21= HR SXI 491 491 7I52| 4^011 21= Hh 

^ 2X1 =^s, 491 71521- 491 7I52J 4^011 21= 491 3 ^§21 491 7I52J 4^M 21= 4* 
71 HR 2 XI E= 491 71521- 491 71521 4£0{ 21= 491 UF4'2^§1 491 7I52| 4¥ 

(HI 21= 491 nn@a HR Sa| g^g 5 01= $H_fc - ' 

1 £tJS1= 35031 ID 21= 3*fS gai=0IE °!HE1I 2JH SttflCH 01.^01 X1EI, 

491 731 4 S^S, 491 731 2 XIXItH, 491 731 3 g^S, S! 491 731 I XIXIEHS OI^CHXI^ 491 3 

son iti 2i= #airoiE °ie!Ei2i ^Aigg a= *9R°.s sisi-xi aa m 'agai- zxm 3d, 

^ 7RES MHIshOI 491 1*HH2| £§2| 3<S!DICK HIT0I7HS 491 2*m Sdl&= §EHM ?>= 2! 
1 agog s| S 5 go)| [Q o,^ 3tm gSlic0|E MSiiSCH. 

g^t/30 

±nm H2>23 .3501 10 21= 731 4 g^s2f; 

491 ^EIS 22f2| 731 4 g^#2| €«3^E3 ^S|£S §(-^21 731 1-XIXIEH2I- S1EICH 491 ±m 

& E2> eo .£ 3501 Itl 21= 491 731 4 3**f XIT^SH 5- 5 7H2J 731 2 X|X|tH2h; 

491 ^fflg 35011 10 21= 731 4 g^s°| §1^011X1 ^Elg- SgSM-SSOII 113 21= 731 3 

S^#2|-; 

491 illt SSfSS 35011 IQ 21= 731 3 3^§2| g«s go^EI 4=3°.S S^°J 715,. HR 
# E= 491 7I5°| 4^CHI 21= 23SIS2I- 21EICH 491 ^HIIT S°?£S 35CHI (£1 21= 731 3 §4 
SS WWI ^= ^ 7HH| Till 1 XIX|CH2h; 

■491. ^ 7H2J. M 2- XIXICH2I SW.S^E3 Sl^2| 49| 7)5, 491 UR. g<« ES 491 7ie 

2| 4^0fl 21= S5I5IS2F 31 £101 491 ^ 7H°I 731 2 XIXICH* XI7KI ?= ¥ ?H£J 491 X1I 1 XIXI 

491 731 1 a!a1[H°I 5^011 21= 491 ?\&. 491 7I52> 491 7|=2| 4^011 21= 471 HR S^S, 4 
71 7IS2I 491 7IS21 4^011 21= UR S XI S^S, 471 7l52f 491 7I52| -4¥0|| 21= uHDS HI- 
^ 2X1 491 7ie2h 491 7ie2| 4¥(HI 21= 491 HR S^s2f 491 7I»2| 4-«01| ^ 

71 UR 2X1 E= 491 71521- 491 7IB2| 4«01l 21= 491 UR 3^=21- 491 7I»2| 4^ 

Oil 21= 491 flUSa UR 2X1 5 CH= .SH-h; 

s 5tmi= 35011 U3 21= 3»S! ^Elff MgH^idDI. 
§^31 

35011 IQ 21= SI 3 g^s.^ qi4S S^d2^ 

491 35011 Ui 21= 25£!2| i°S^El 4=S|°.S s^2| 7IET, UR E= 491 7|»2J 4 

¥011 21= 2^t|g£1 31EI01 491 35011 HI 21= S^dS XIXI^H ? = <= 7H°| 491 731 1 XIXI0M; 

491 731-1 XIXICH2I Sh«01l 21= 491 715, 491 7I52K 471 7I52| 4^011 21= 491 HR ^s, 4 
71 71521 471 71521 4^011 21= 2 s ! SIS, E^ 491 71521- 471 7I52| 4V01I 21= 23IIS21 4 
71 2515IS2I 4^011 21= 471 UR 5 01= shU; 

g StlSI= 3x1£J S^ai. 

§^32 

731 31*fCHI 2101X3, 471 35011 (£1 21= 3^2! 2^d2j tl*M 21= 491 715 4011 UR 2X1 S^m 
E= 491 nH@g HR 2X1 S^SP □ 5*^1^ 211 ol^ 3^£J S^d. 

§^33 

U 3\W\\ 21CHAI, 491 350« 11 21= S^d^S^EI ^012 S= S^S^EI 4=5|£S 491 715, E= 
491 HR S^#2| 4¥JhXI S4S ^ 7H2| 731 1 2X1*3© □ i*mi-= 2g sgo S Sfc 3 ^gj 

■ 

731 33tHHI 2101X1, 491 731 1 2X|^2| 4¥2h 91&I01 491 35.011 ttl 21= 2^d2|- ©g. #CHI ^43 
35 

731 32**011 2101X1, 491 35011 Itl 21= S*d2:S¥E1 §012 S«g^E3 471 715, E= 

471 UR g^#2| 4¥D|X| «4S ^ 7H2| 731 1 2XI«g Q 5«Jt^ 2s sgog se 3^ 
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si 3sm\ sjoiAi, #71 si i axiejsi #^2ksieich #?i ssoii ia si= bmsf-ws Ah ««s 

XII 1 gXI VKB □ S*»h£ 2§ Sfe 3»S . 

37 

si 33WW sioial #7i si i axi^°i #71 si i awm sh» 7£2] «i 2 axi^e a st> 
a 35WW siow, #71 si 1 sxibjsj #^chi #71 st 1 snoot-ssio ^221 hi 2^sxi^m □ str 

SI 38&KHI SIOIAL #71 a 2 3X1*3°! #^CHIAI 5 7H°J #71 SI 2 SXI*!g HOI AI£-S!B«I0I #71 

35« ia sis s^2j mi aaa- eg ^goi axi g^^s graa mewoitii si 2 a 
w a;Hi □ asms 2m »ra 2^. 

H.3TO LH XI .SI394* 01 i: *M 2ACHAI, #71 SSCHi IH SIS 3»S ?«W g 

aikOlE ^EHSI axi*!# □ SWftfe 2^ iS££ oe ^J" 2 £2 . 

-9JW41 

SeOil D SJS'g^ DIEHJMiM 

■#71 £§011 Iti SJS DIEIB2I ±S°4 g^S^EI ^ l 2S th^SJ, 715, H|-Ef EES #71 

7I3°4 #^WI SiS 25j5lS2f 31EICH #71 SgOil [11 SiS 'DiaSB XI XI SB- £S Ql#°] 
SI 1 XIXICH2F; 

#71 X|X|CH°4 -*W0| Si- #71 7IEL #71 71EQK #71 7IB2J #^011 SJS#7I g^#, # 
71 7IEHF #71 71-BSJ #^0)1 SIS 23 2|^, EES #71 7l5ffih #71 7ie°j #^CHI SiS SSIilSSi # 
71 S^SISEU #~Oil #71 3<M £ CHb: MLKK 

#71 ggOil LL1 SIS D|E1S*| u^Oil SJS 715 #(H| 4§2J S°^5 ?H 0|#2| S = 

f SttfS.37;*S OHDIHg D|E1, 
42 

tT ^0| aX|£! SI 1 
tt^oi axis 731 Z ; 5S»J 

#71 SI 1 a WEI 73 #71 SI 2 5^2], axi£|Xj STS ^ AFOIOil 5|I£. Xl^ 

#71 si i 5§°j axiaxi srs m\ #7i si 2 axitixi »s ^ afoiqii -gs ^! ssixi ?hihai 
#^ih 

#71 si 1 5eoj a^ig ^ a sxieixi ok° ^k(hi SB a, ft?HnAie^.a«a; 
#71 si. 2 axis a xi £ixi ^^Hm sia #71 » ?hbiai@^ 

# ^?Hltfe 3?:|^j °jqE1 aa. 

43 

Si 42t>KHI.aO)A| #71 £^s ?HfiRA|@±£ £71 ^gSIM DHl^. *K3HIHA1@>S: -gga af ^S^^ 
§^ 3xm °jqE1 a«; 
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